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Synthesis of the benzyl ligand Figure S1 . Synthetic scheme of the benzyl ligand for the functionalization of the nanoparticle. followed by dropwise addition of methanesulfonyl chloride (4.64 g, 3.13 mL, 40.47 mmol) in ice bath. After 30 min the reaction mixture was warmed up to room temperature and stirred overnight. After the reaction was completed (according to thin layer chromatography; TLC), solvent was evaporated. The compound was again diluted with DCM and extracted with 0.1 M HCl twice. The organic layer was collected, treated with a saturated solution of NaHCO 3 , and washed three times. Following extraction, the organic layer was dried over Na 2 SO 4 and concentrated at reduced pressure. The crude product was purified by column chromatography over silica gel using hexane/ethyl acetate (1:1, v/v) as the eluent. Solvent was removed in vacuum to obtain mesylated compound as light yellow oil (Yield 17.4 g, 90%). To synthesize compound 3, NaOH (1.59 g, 39.8 mmol) solution (1.5 mL) was added to 115 mL of tetraethyleneglycol (128.93 g, 66.37 mmol) and stirred for 2 h at 80°C. To this reaction mixture, 17.4 g of 11-(tritylthio)undecyl methanesulfonate (30.03 mmol) was added and stirred for 24 h at 100°C. The product was extracted in hexane/ethyl acetate (100 mL, 4:1, v/v) six times. Then, the organic layer was concentrated at reduced pressure and the crude product was purified by column chromatography over silica gel using ethyl acetate as the eluent. The solvent was removed in vacuum to obtain compound 3 as light yellow oil (Yield 11.6 g, 62% 
Compound 4:
Triethylamine (2.6 g, 3.6 mL, 25.6 mmol) was added to compound 3 (8 g, 12.8 mmol) in dry DCM (80 mL) in an ice bath. Methanesulfonyl chloride (2.22 g, 1.49 mL, 19.28 mmol) was added dropwise to the reaction mixture in an ice bath. After 30 min the reaction mixture was warmed up to room temperature and stirred 12 h. The organic layer was extracted twice with a saturated solution of NaHCO 3 (100 mL) and twice with 0.1 M HCl solution (100 mL). The extracted DCM layer was dried over Na 2 SO 4 and concentrated at reduced pressure. The crude product was purified by column chromatography over silica gel using ethyl acetate as the eluent. Solvent was removed in vacuum to obtain compound 4 as light yellow oil (Yield 8.2 g, 91 %). 
Synthesis of benzyl-ligand-protected gold nanoparticle (AuNP)
First, Brust-Schiffrin two-phase synthesis method was used to synthesize pentanethiol-coated AuNPs with core diameter ca. 2 nm 1, 2 . Murray placeexchange method 3 was followed to obtain the benzyl-ligand-protected AuNPs. Pentanethiol-conjugated AuNPs (10 mg) and thiol ligand (compound 6) (30 mg) were dissolved in a mixture of dry DCM (3 mL) and methanol (1 mL) and stirred under N 2 atmosphere for 3 days at room temperature. DCM was removed under reduced pressure and the resulting precipitate was washed with hexane (15 mL) three times and DCM (15 mL) twice. Then the precipitate was dissolved in distilled water (~ 5 mL) and dialyzed for three days (membrane molecular weight cut-off =10,000, volume of the dialysis bucket is 5 L) to remove excess ligands, pentanethiol, acetic acid, and other salts present in the nanoparticle solution. After dialysis, the particle was lyophilized to yield a solid brownish product. The particles were then re-dispersed in deionized water. 
Mass spectrometric characterization of ligand composition
Matrix assisted laser desorption/ionization mass spectroscopy (MALDI-MS) has been performed to characterize the surface ligand on the BenzylAuNP 4 . A saturated α-Cyano-4-hydroxycinnamic acid (α-CHCA) stock solution was prepared in 70% acetonitrile, 30% H 2 O, and 0.1% trifluoroacetic acid. An equal volume of 2 M NP solution was added to the matrix stock solution. 2.5 L of this mixture was applied to the sample carrier, and then the MALDI-MS analysis was performed on a Bruker Autoflex III mass spectrometer. The molecular ions (MH + , m/z =498) was detected, and the disulfide ion formed by the benzyl ligand and the original pentanethiol was also detected at m/z 600. 
SUPPLEMENTARY INFORMATION
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Catalyst encapsulation into the monolayer of AuNPs
3 mg of the catalyst, [Cp*Ru(cod)Cl] or (1,1'-Bis(diphenylphosphino) ferrocene)palladium(II)dichloride was dissolved in 5 mL acetone and the AuNP (20 M, 0.5 mL) were diluted to a final concentration of 5 M with DI water (2 mL). Then, the catalyst and the AuNP solutions were mixed together and acetone was slowly removed by evaporation. During the evaporation hydrophobic catalyst was encapsulated in the particle monolayer to yield to NP_Ru or NP_Pd. Excess catalysts which precipitated in water removed by filtration (Millex-GP filter; 25 mm PES, pore Size: 0.22µm). Further purifications were followed by multiple filtrations (five times, Amicon ® ultra 4, 10K) and dialysis (Snake Skin ® dialysis tubing, 10K) against water (5 L) for 24 h to remove free catalysts. The amount of encapsulated catalysts was measured by inductively coupled plasma mass spectrometry (ICP-MS) by tracking 
Size and zeta potential of the NP
Hydrodynamic diameter and zeta potential of the NPs were measured by dynamic light scattering (DLS) in DI water and 5 mM sodium phosphate buffer (pH=7.4) respectively, using a Malvern Zetasizer Nano ZS instrument. The measurement angle was 173° (backscatter). Data were analyzed by the "multiple narrow modes" (high resolution) based on non-negative-least-squares (NNLS). 
Lineweaver-Burk analysis
To monitor the inhibition mechanism of the nanozymes, the catalytic reactions of the nanozymes were carried out in sodium phosphate buffer (5 mM, pH 7.4). In the activity studies, the nanozyme (400 nM) was mixed with various concentrations of substrates (2, 
Reaction rates titration for the nanozymes
The reaction rates of the nanozymes were titrated by increasing the concentration of CB [7] . The catalytic reactions of the nanozymes were carried out in sodium phosphate buffer (5 mM, pH 7.4). In the activity studies, the nanozyme (400 nM) was mixed with substrate solution (80 M) in a 96-well plate. During titrations, CB [7] s (0, 4, 8, 16, 32, 64, 80 , 100 M), were added and the final volume for each well was 250 L. The catalytic activity was monitored by tracking the fluorescence intensity (Ex: 488 nm, Em: 521 nm, Cutoff: 515 nm) using a Molecular Devices SpectraMax M2 microplate reader. Based on the results, titration curve was plotted (relative activities vs. CB [7] / NP molar ratio, Figure  S20 ). 
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Kinetics studies of NP_Pd and NP_Pd_CB[7] before and after ADA addition
Fluorescence was recorded using a Hewlett-Packard 8452A UV-Vis spectrophotometer.
Experiment was performed in a 96 well plate with parameters were set to λ ex =488 nm, λ em =530 nm and λ cutoff =515 nm. 400 nM of NP_Pd and 400 nM of NP_Pd_CB[7] were mixed with caged Rhodamine 110 (final concentration is 80 M) in 200 L of DI water. Similar to NP_Ru, in the presence of NP_Pd, caged substrate started to be cleaved and an increase in fluorescence was observed. However, CB [7] complexation blocked the catalysis and no fluorescence was observed ( Figure S23a) . 40 minutes later, ADA with a final concentration of 0.4 mM was added and fluorescence was read for another 40 minutes. After ADA addition, CB [7] decomplexed from nanozyme and catalysis was restored ( Figure S23b ). Measurements were done in triplicate. Error bars represent the standard deviations of these measurements. regia (3 mL) was added, and then the sample was allowed to react for another 2-3 h. The sample solution was then diluted to 10 mL with deionized water and aqua regia with the final solution containing 5% aqua regia. The gold nanoparticle sample solution was measured by ICP-MS under the operating conditions described above. Cellular uptake experiments with each gold nanoparticle were repeated in triplicate, and each replicate was measured 5 times by ICP-MS. A series of gold standard solutions (20, 10, 5, 2, 1, 0.5, 0.2, 0 ppb) containing 5% aqua regia were prepared before each experiment. The resulting calibration line was used to determine amount of gold taken up by cells. Figure S24 . Nanozyme uptake assay by tracking the gold amount through ICP-MS.
Cell viability assay
Toxicity of nanozyme (NP_Ru) and only NP were checked using alamar blue assay. HeLa cells were grown in a cell culture flask using low-glucose Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum at 37°C in a humidified atmosphere of 5% CO 2 . When cells were more than 80% confluent, HeLa cells were seeded at 10,000 cells 
MALDI-MS analysis:
200 µL of the sample was filtered by 10K molecular weight cut off filter at 14,000 rpm for 15 minutes. A saturated solution of matrix α-cyano-4-hydroxycinnamic acid (α-CHCA) solution was prepared in 70% acetonitrile and 30% water. The filtered sample was mixed with the matrix solution in 1:1 ratio. 2 µL of the mixture was spotted on a stainless steel MALDI-MS sample carrier. The spot was air dried before analysis. The samples were characterized by Bruker Autoflex III MALDI-TOF MS. The laser power was optimized to 80%. A total of 200 laser shots were fired per measurement. Data processing was performed using Bruker flex Analysis (version 3.3) software. The procedure was repeated for 3 consecutive days to check the conversion of prodrug to drug. 
Rhodamine 110 fluorescence standard curve
We can estimate the concentration of the product after catalytic reaction, using the fluorescence intensity coming from rhodamine 110 product. For this purpose, a fluorescence standard curve for rhodamine 110 was obtained. The stock solution of rhodamine 110 (0.3 mM, 1 mL) was prepared in water. Successive dilutions were done, and the fluorescence intensity of prepared solutions (0.03, 0.06, 0.15, 0.3, 0.6, 1.2, 1.8, 2.4 M) were directly measured by microplate reader (SpectraMax M2). The obtained curve slope is 1.9 × 10 3 a.u. / M. 
